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M. L. Porter (1) and C. E. Ekberg (2) 
INTRODUCTION 
The effects of different surface coatings on cold-formed steel 
decking used as reinforcement in concrete floor slabs are discussed 
in this paper. Results are presented for tests conducted on 34 slab 
element specimens, all of which contained the same steel decking. All 
specimens had nominal out-to-out depths, widths, and lengths of 4.5", 
24", and 144", respectively. 
One group of specimens involved cold-formed steel deck without 
embossments and utilized five different surface conditions; namely, 
plain deck (no surface coating), galvanized, enameled or painted, wiped, 
and rusted deck. A second group included six slab elements constructed 
with embossed (composite) deck having either enameled or galvanized 
surface coatings. 
The behavioral characteristics of the slab elements were observed 
from data taken on the npplied load, vertical deflections at mid span 
and load points, enCf --sHn between the steel deck and concrete, flexural 
strains in the steel and concrete, and the number and widths of cracks 
developed during loading. Changes in these behavioral characteristics 
due to the differences in surface conditions of the steel decking are 
described in this paper. Performance of the various slab elements 
was ranked according to the following criteria: ultimate test strength, 
deflection sustained at failure, stiffness, load at first end-slip, 3hcar-
bond analysis strength, and ultimate internal energy. 
DESCRIPTION OF TEST SPECIMENS 
Table 1 shows a matrix array indicating the number of slab elements 
that were tested with each type of steel deck surface condition and cor-
responding shear span, L'. The "plain" deck in Table 1 refers to the 
steel deck that had no surface coating whatsoever, i.e. bare steel. 
"Galvanized" refers to two types of galvanized coating that conforms to 
ASTM A525; namely, one galvanized coating for the nonembossed deck and 
another for the embossed deck. The galvanized coating used for the non-
embossed deck was analyzed to be of 1.17 ounces per square foot and 
was of class G90 coating. The galvanized coating for the embossed deck 
was found to weigh 1.57 ounces per square foot and of class G140 galvan-
ized coating. The galvanized decks consisted of the steel base plus a 
zinc overlay followed by a bakelite mount to give the final surface coat--
ing. 
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COATING EFFECTS OF STEEL DECK 371 
The "enameled" coatings were also utilized on both nonembossed and 
embossed decks. The enameled coating used in the nonembossed deck was 
found to weigh 1.08 ounces per square foot and the composite enameled 
coating weighed 1.05 ounces per square foot. The two enameled coatings 
consisted of the steel base plus a zinc overlay (of type G90 galvanized 
coating) followed by a surface of paint. The "wiped" coating weighed 
0.22 ounces per square foot and was considered to be an AOl coating (jet 
coat type). generally conforming to ASTM A525-7l or Federal Specification 
QQ-S-775D, Type 1, Class E. The "rusted" specimens were obtained by 
simply taking some of the plain deck samples and placing them outdoors 
allowing them to rus~. The rusting that occurred was not severe and 
was considered to fall into the class of "tight" rust. 
Each slab element was constructed with a single typical panel of 
steel decking consisting of a repeating cross-section pattern as gen-
erally marketed and furnished by the steel deck manufacturer. Due to 
proprietory implications, the actual name of the deck section will 
not be utilized in this paper. The steel deck was, however, a one 
and one half inch depth of deck with a steel thickness of 0.033 inches. 
The test specimens were constructed in two concrete castings. 
All of the slab elements with shear spans of 18 and 54 inches were 
cast in the first concrete pour, whereas all members with a 36-inch 
shear span were cast in the second pour. All steel decks were sup-
ported on wooden strips at both ends and at midpoint prior to place-
ment of concrete. The purpose of the wood strips was to simulate a 
practical situation with shoring at midspan. Control cylinders of 
6x12 in. size, slump tests, and modulus of rupture beams (6x6x36 in.) 
were made at intervals while the concrete was being placed. All 
concrete was cured under wet burlap and plastic for seven days, fol-
lowed by air-drying until the time of testing. The aggregate used 
in the concrete was crushed rock with a maximum size of 3/4 in. No 
admixtures were utilized in the concrete. The average concrete com-
pressive strength for the first pour was 3783 psi and for the second 
was 3447 psi. 
DESCRIPTION OF TEST PROGRAM 
The typical test arrangement for all slab elements is shown in 
Figure 1. All slab elements were simply supported with a span of 
140 in. center-to-center of bearings. Three shear spans (the dis-
tance between the load point and the nearest support centerline) of 
18, 36, and 54 in. were used. Loading was applied by two Enerpac 
10-ton hydraulic cylinders connected to a pump. 
The test load was applied in increments of either 100 or 200 lbs, 
and the load was held at each level until readings could be taken on 
vertical deflections, end slip, bending strains, and crack widths. 
In all cases the load levels were maintained for approximately one 
minute in order to provide uniformly for the effects of short time 
creep. Vertical deflections at midspan and under each load pOint 
were measured with dial gages having an accuracy of 0.001 inches and 
end-slip was measured at each end of the slab elements using gages 
with an accuracy of 0.0001 inches. Electrical resistance strain 
gages were utilized in approximately half of the slab elements tested 
as indicated by the designation "SG" shown in Table 2. For the SG 
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specimens, three strain gages were placed at midspan, with one gage 
on top fiber of concrete, another at the top corrugation of the steel 
deck, and another at the bottom corrugation of the steel deck. The 
crack widths were measured using a small hand-held microscope with a 
least division of 0.1 mm. 
Fig. 1 Typical arrangement for testing one-way slab elements. 
TEST RESULTS 
A summary of strength results and corresponding measured deflec-
tions at ultimate load are given in Table 2. The slab element desig-
nations in the left-hand column indicate type of surface coating, shear 
span, and strain gaging (if used). For example, the slab element de-
signation 8-E-S4-SG indicates specimen No.8, an enameled surface, a 
54-in. shear span, and the SG signifies that strain gage measurements 
were taken. A complete listing of designations for the surface coat-









Type of Surface 
Galvanized coating 
No surface coating (plain) 
Gray enamel paint 
Wiped zinc coating 
Uncoated surface allowed to rust 
Enamel coating on composite (embossed) deck 
Galvanized coating on composite (embossed) deck 
The ultimate load results for all 34 of the slab elements tested 
can be summarized by looking at the bar graphs shown in Figure 2. 
These graphs indicate that the slab eleml~nts with the r.alvanized su,el 
decks have the lowest ultimate load while the rusted decks proved to 
give the highest ultimate loads. The ranking of the slab elements 
constructed with smooth (non-embossed) decking is observed to be G, P, 
E, W, and R for each of three groups, from lowest to highest. 
Table 2. 
COA T1NG EFFECTS OF STEEL DECK 
Summary of ultimate strength results. 
uttiNt • .,..nt f Deflection at 
Ulti_te load, kip. kip-tn . ulti_te load, In . 
o.,t.n8tlon Individual Avera,e Individual Aver ••• Individual Aver ••• 
-
7-e -18 ~.OO 4~.00 O. 3)~-
~ . 14 42.26 0.361 
14-e-18-Se ~.28 47.~2 0.388 
_. 
11-.-18-S0 ~ . 48 49. 32 0.372 
~ . ~7 ~0.22 0.351 
1,,-18 ~.6a ~1.12 0.331 
_. 
\3-R-18-S0 \3.27 13.27 119.43 119.43 0.9~l* 0."3 
-_. 
24-e-36 2.~46 4~.81 0 . 308-
2.~~ 4~.9S 0.297 
27-0-36-S0 2.~6 46.08 0.286 
26-'-36 2.86 ~1.48 0.405 
2 . 61 46.98 0.332 
31-'-36-S0 2.36 42.48 0.2~9 
20-£-36 4.16 74.88 0.478 
21-£-36 4.26 4.23 76 . 68 76.08 0.500* 0.514 
32-£-36-SG 4.26 76.68 0.565 
H-W-36 4.16 74. 88 0.~24 
30-v-36 3.86 4.46 69.48 80.28 0 . 488 0.~67 
34-V-36-S0 5.36 96.48 0.689 
\7-R-36 8. 21 147 . 74 \.0\3-
7.40 133.28 0.919 
33-R-36-SC ~.60 118.82 0. 826-
.. 
22-EC-36 ~.86 10~.48 2.600 
23-£C-36 5. i·6 5.81 103.68 104.63 2.710 2.460 
28 .. £C-J6-SC 5.82 104.74 2.071* 
18-GC-36 6. 26 112 . 68 2.200 
19-GG-36 6.36 6.36 114.48 114.38 2.470* 2. 293 
29-GC-16-S0 6 . 46 116.28 2. 210 
3-C-54 1.83 49.41 0.25l* 
1.70 46.04 0.247 
9-0-54-SC \.~8 42.66 0 . 242 
2-.-56 1.78 48.06 0.211· 
\,8\ 48 . 74 0.22) 
10-'-54-SC 1.83 49.41 0 . 240* 
4-E-54 2.47 66 . 69 0.347· 
~-E-54 2.34 2 . 43 63. 18 B . 61 0 . 125· 0 . 34~ 
8-E-54-SC 2.48 66.96 D.364· 
-.-
6-W-54 2.96 79.92 D.506· 
15-W-54-S0 2.82 2.U 76.14 71.64 0.511· 0.470 
16-W-54 2.18 I 58.86 0 . 394 
-
\2-1-54-50 4.68 4 . 68 126.36 126.36 0 . 868- 0.868 
-
*Deflectlon ob.,ned JUIt prior to ultlute 10". 
hr. : All ultt .. te loade ........ 1\t. include the witht of d,* load be_. but 

































































































































































































































































COATING EFFECTS OF STEEL DECK 375 
The galvanized composite decking gave slightly better results than 
the enameled composite decking, as indicated by the bar graphs for the 
members with 36-in. shear spans, which is contrary to what might be 
expected on the basis of the ranking of the smooth decking . However, 
the galvanized composite did not prove to be as significantly stronger 
than the enameled composite as compared with the much more significant 
increase in enam~led load strength over that of the galvanized for the 
smooth (non-embossed) deck specimens. 
Table 3 gives an index of comparison, based on ultimate load, 
for the deck surfaces with the average ultimate load for the smooth 
galvanized decks as an index of 1.00 . (The values of ultimate load 
used in this paper include the weight of the load beams, but do not 
include the deadweight of the slab elements.) As can be seen from 
Table 3, the rusted deck specimens gave the highest index . The gal-
vanized and enameled composite decks gave the second and third highest 
indices, respectively. A significant observation is that the smooth 
(non-composite) plain deck specimens which were allowed to rust gave 
strength results higher than both types of the composite deck tests, 
as well as all other non-composite slab elements. Note that the in-
dexing scheme shown in Table 3 agrees with the results shown in Figure 
2. 













Ultimate load index 




1. 75 1.56 
2. 91 2.75 
2. 28 
2. 50 
Figures 4, 5 and 6 show samples of load-deflection behavior for 
noncomposite (L' = 36"), rusted (smooth), and composite (enameled 
only), respectively. These curves show the relationships between the 
total applied load and midspan deflection. The corresponding deflection 
at ultimate is tabulated in Table 2. 
The curves for the non-composite deck specimens (e . g. Fig. 4) indi-
cate that the uncracked stiffness is approximately constant and does not 
vary with the type of surface coating. A comparison of Fig . 4 with Fig. 
5, indicates an interesting conclusion that the specimens with the rusted 
deck exhibited a pronounced non-linear load-deflection relationship 
throughout the entire loading range until failure (see Fig. 5). Fig . 6 
indicates that much more extensive deflections occurred on the composite 
































































































































































































































































































o ~ ____ _L ______ ~ ______ L_ ____ ~ ______ ~ ____ ~ 
0.0 0.2 0.4 0.6 0.8 1.0 1.2 
VERTICAL DEFLECTION, in. 
Fig. 5. Load-deflection relationship for all slab elements with rusted deck. 
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EXPERIMENT AL 
0 
0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 
VERTICAL DEFLECTION, in. 
Fig. 6. Load-deflection relationships for slab elements with enameled composite 
deck. 
COATING EFFECTS OF STEEL DECK 
imum deflections sustained for the enameled and galvanized composite 
deck specimens 2.71 and 2.47 in., respectively. 
Table 4 gives an index for the deck surfaces, based on the 
deflection at ultimate load. The smooth galvanized deck is taken 
as the reference, with an index of 1.00. It can be seen that the 
enameled composite decks ranked highest followed by the galvanized 
composite and rusted decks respectively. This ranking differs some-
what from that based on ultimate loads given in Table 3. 
Table 4. Index of comparison for deck surfaces based on deflection 
at ultimate load. 
Deflection at ultimate load index 
379 
Deck surface L' = 18 in. L' 


















Four theoretical load-deflection curves are shown on Fig. 4-6. 
One is based on an uncracked section, and a second curve is based on 
a cracked section, utilizing the same assumptions as used in analyzing 
a reinforced concrete beam by the working stress concept. A third curve 
is formed from a simple average of the uncracked and cracked moments of 
inertia. The fourth theoretical deflection criteria is computed using 
the effective moment of inertia Ieff , as given in Ref. 1, using the fol-







= moment of inertia of cracked section transformed to 
concrete 
moment of inertia of gross concrete section about the 
centroidal axis 
= maximum moment in member at stage for which the deflec-
tion is being computed, and 
Mcr • cracking moment. 
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A study of the results of the theoretically computed uncracked, 
cracked, average and effective moments of inertia indicates at the 
expected service liveload (LL) that the average inertia is the best 
predictor of the deflection at design loads for the specimens with 
enameled composite deck (see Fig. 6) whereas none of deflection com-
putations was adequate for the galvanized composite specimens (not 
shown). For the specimens with smooth deck, the uncracked inertia 
gave generally a better estimate of the deflection at what would be 
normally considered as in the service load range. However, the 
cracked and effective inertias gave a closer estimate of the deflec-
tion at ultimate for the non-composite specimens. 
Table 5 shows end-slip data for all six composite slab elements. 
The left-hand portion of the table gives applied loads at initial slip . 
Two values of end slip are indicated in the two right-hand columns. 
One c-lumn gives the displacements that were observed immediately 
following initial end slip. The second show end slip that had occurred 
when the midspan vertical deflection of the slab elements had reached 
L/360, (or 0.389 in.). It is significant that members with galvanized 
composite decks exhibited initial slip at a lower applied load than 
did the ones with enameled composite decks. It is also noteworthy 
that there was no measurable end slip in the enameled composite group 
when the vertical deflection reached L/360, whereas a considerable 
amount of end slip had occurred at this point with the galvanized 
composite group. 







28- EC- 36-SG 
Load at initial 








At vertical deflection 







An example of the strain behavior at the specimen span centerline 
is shown in Fig. 7 where steel deck strains are plotted as ordinates 
and bending strains as abscissas. The upper grouping of curves (see 
upper circle, Fig.7) represents the strain in the bottom corrugation of 
the deck, whereas the lower grouping represents (also in lower circle 
in Fig.7) the strains in the top corrugation. As can been seen, the 
strains are fairly linear with increasing bending moment, indicate a 
high degree of composite action up to ultimate. 
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32 - E 
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MOMENT, kip - in. 
Fig. 7. Relationship between steel strain and bending moment for slab 
elements with L'=36 in. 
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The moment-strain relationships for slab elements with a 36-inch 
shear span (Fig. 7) were used to express quantitatively the efficiency 
of the steel deck in composite action with the concrete. Table 6 
shows the external bending moment that is required to develop a stress 
of 20,000 psi in the bottom fiber of the steel deck for each of the 
various members. It is indicated that the galvanized composite deck 
provides the most favorable composite behavior. The complete ranking 
is: E - W - R - EC - GC. The galvanized and plain decking are not 
included because these decks were stressed to a value less than 20,000 
psi at ultimate. 
Table 6. Percentage of ultimate moment required to develop 20,000 psi 
stress in bottom steel corrugation for slab elements with 













The ultimate strength relationships Vue/bd~ and ~ L,(from Refs. 2,3) 
c 













ultimate experimental shear in lb/ft width 
width of slab in inches 
distance from extreme concrete compression fiber to 
centroidal axis in deck, inches 
2 
cross-sectional area of steel deck in width b in in. 
compressive strength of concrete, psi 
length of shear span, inches 
slope obtained from a linear regression analysis or 
an eye fit, and 
intercept obtained from a linear regression analysis 
or an eye fit. 
As can be seen in Fig. 8, these relationships exhibit a somewhat 
linear behavicYl- for each surface coating. Therefore, equations of 
the form 
V bd [mpd + kif'] 
ue L' c 
are apparently valid for predicting the ultimate shear capacity of 
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Relationship between Ve/bd«'C and x 10 for all L'Wc 
smooth deck slab elements. 
8. 
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slab elements with a given type of deck coating. The constants m and 
k are listed in Table 7 for each coating used in conjunction with 
smooth decking. The complete ranking in decreasing order of preference 
is: R - W - E - P - G. 
Table 7. Coefficients m and k for the relationships shown in Fig. 19. 
Steel deck surface coating m k 
Galvanized 10050 0 . 064511 
Plain 11680 0.04137 
Enameled 20320 0.02952 
Wiped 21000 0.02207 
Rusted 24260 0.1338 
Figure 9 is a series of bar graphs showing the internal strain 
energy stored in a series of slab elements loaded to ultimate. The 
internal strain energy stored in each slab element was obtained by 
determining the total area under the load-deflection curves for the 
vertical deflections at the two load points up to ultimate load. The 
results are consistent with those shown in Fig. 2 for the ultimate 
load relationships, except for the slab elements with rusted and com-
posite decks . Figure 2 shows that the members with rusted decks pro-

















O'--' _____ ~ __ 
G PEW R GC EC 
l' = 36 in. 
However, the superior 
bonding properties of the 
composite slab elements 
allows them to absorb a 
higher internal strain 
energy than those with 
rusted deck. Figure 9 
reveals that the complete 
ranking in increasing order 
of preference is: G - P -
E - W - R - GC - EC. 
Fig. 9. Relationship between 
the internal strain 
energy stored in the 
slab elements with 
L' = 36 in. and the 
type of deck coating. 
COA TING EFFECTS OF STEEL DECK 385 
CONCLUSIONS 
1. The ultimate strength results indicate that the deck surfaces may 
be ranked in the following order, from smallest ultimate strength 
to lar~est ultimate strength: galvanized (G), plain (P), enameled 
(E), w1ped (W), enameled composite (EC), galvanized composite (GC), 
and rusted (R). 
2. The deflections at ultimate load provide an index which relates to 
the degree of warning, of each type of member, prior to failure. 
The ranking, from smallest deflection to largest, is as follows: 
G - P - E - W - R - GC - EC. 
3. The external bending moment to cause a steel stress in the bottom 
fibers of 20,000 psi provides an index of composite behavior. For 
slab elements with a 36-in. shear span, the galvanized composite 
deck is the most favorable. The complete ranking not including 
members with galvanized and plain decking is: E - W - R - EC - GC. 
4. The shear-bond analysis was useful in confirming the relative 
strengths. The rank according to increasing relative strength is 
as follows: G - P - E - W - R. 
5. The ultimate internal strain energy stored in the slab elements 
with shear spans of 36 in. provides a basis for comparing behavior 
under large loads. The rank according to increasing strain energy 
capacity is: G - P - E - W - R - GC - EC. 
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APPENDIX II-NOTATION 




Cross-sectional area of steel deck in width b 
An average of cracked and uncracked moments of inertia 
b = Specimen width 
d = Effective depth measured from extreme concrete com-
pression fiber to centroidal axis in deck 
E indicates that the steel deck contained an enameled (paint) 
coating 
EC = indicates that the steel deck was a composite type (with 
embossments) containing an enameled (paint) coating 
f' 
c 
- compression strength of concrete 
fs = stress in steel deck 
G = indicates that the steel deck contained a galvanized coating 
GC indicates that the steel deck was a composite type (with 
embossments) containing a galvanized coating 
I cr , Icracked 
Ieff 
cracked transformed moment of tnertia of composite section 
• effective moment of inertia as per Section 9.5 of Ref. 1 
I - moment of inertia of a gross concrete section g 
Iu' I • uncracked transformed moment of inertia of composite sections 
uncracked 
k = intercept of a straight line found from a linear regression 
of shear-bond failures 
L D span length of specimen, center-to-center of supports 
L' = length of shear span 
LL Live load that would be applied under design service load 
conditions = 1 (total load capacity less 1.4 times dead load) 
1.7 
m = slope of a straight line formed from a linear regression 
of shear-bond failures 
Ma D moment applied in a member of loading stage for which 
the deflection is being computed 
Mer cracking moment 
P = indicates that the steel deck did not contain any special 
coating, i.e. the deck was plain (bare steel) 
Pu total ultimate applied load 
R indicates that the steel deck surface was uncoated, but 
allowed to rust 
SG = indicates specimens which had strain gages applied 
V V - ultimate experimental shear ue, e 
W - indicates that the steel deck contained .a wiped zinc coating 
